Summary: We have developed the software COPYCAT which provides an easy and fast access to cophylogenetic analyses. It incorporates a wrapper for the program PARAFIT, which conducts a statistical test for the presence of congruence between host and parasite phylogenies. COPYCAT offers various features, such as the creation of customized host-parasite association data and the computation of phylogenetic host/parasite trees based on the NCBI taxonomy. Availability: COPYCAT and its manual are freely available at
INTRODUCTION
A core question in the evolutionary biology of mutualists and parasites is whether their phylogenies are congruent with the phylogenies of their hosts (Page, 2002) . Only a handful of programs are currently available to conduct statistical tests for the presence of a cophylogenetic structure, amongst others the topology-based programs TreeMap and TreeFitter (see review in Stevens, 2004) . Extensive simulations have shown that the tests for both overall phylogenetic congruence as well as the significance of individual associations as implemented in PARAFIT (Legendre et al., 2002) are statistically well-behaved and have acceptable error ratios (Legendre et al., 2002) .
PARAFIT's command line interface is straightforward, but makes the program somewhat hard to use, especially for inexperienced users. Further, it accepts numeric input only and requires additional software such as DISTPCOA (Legendre Anderson, 1998) to compute eigenvalues and often also a third program to compute patristic distances from phylogenetic trees. To overcome these limitations and to present this valuable program to a broader audience, we have developed an easy-touse GUI frontend application.
In a typical usage scenario, the user has to deliver three matrices to PARAFIT: a host-parasite association matrix as well as a host and a parasite distance matrix, usually derived from a phylogenetic tree. Frequently, specific marker sequences such as 16S-rRNA or ITS are used to derive a phylogeny for host and parasite species. However, this limits a study to species for which there is a common marker gene available. By using COPYCAT, the distance matrices can be derived from the NCBI taxonomy (NCBI, 2006) .
THE PROGRAM AND ITS FEATURES

Pre-processing of input data
In the first step, the user has to provide a text file in which each host-parasite association is represented by a line containing the species names (or taxon IDs) of the host and parasite, separated by a tab symbol. Pre-existing data sets can easily be converted to this format.
If the user chooses to derive host or associate distances from the NCBI taxonomy, the program tries to determine the appropriate taxon ID by matching the given entries with the NCBI data. Unassigned taxa (due to misspellings or missing taxonomical entries) become highlighted, so the user can correct them in place or specify a taxon ID manually. The most recent NCBI taxonomy data can be downloaded directly from the NCBI ftp server (NCBI, 2006) by selecting the accordant menu entry. In further filter dialogs, the user can specify the in-or exclusion of certain systematic divisions as defined by NCBI or she can perform a taxonomic reduction to genera or families.
Often a taxonomy is not as well resolved as, e.g. a molecular phylogenetic tree. Since this may also affect the resolution of the PARAFIT analyses, COPYCAT allows the user to compute resolution and cladistic information content (Thorley and Page, 2000) of the constructed trees and then to decide whether to run the cophylogenetic test.
An over-representation of some species within the association data (e.g. widespread parasites) may have a great influence on the statistical test for global significance. To detect those species, COPYCAT implements a model based on the broken stick distribution, which reflects the relative abundance of species within a random population of a given size . Over-represented species could then be excluded from further analysis.
Configuration and execution of PARAFIT
The user can either supply his/her own phylogenetic tree in Newick format, or his/her own distance matrices in extended *To whom correspondence should be addressed.
PHYLIP format as, e.g. inferred from a sequence alignment, or instruct the application to derive a tree from the NCBI taxonomy database. This is done as follows: Each taxon is assigned a path to the root taxon of the taxonomy. A distance between two taxa is inferred by counting all taxa which are included in exactly one of the paths of the two taxa.
If user-supplied distance matrices include more taxa than the association matrix, COPYCAT offers the option to reduce the distance matrices accordingly. In the next step, COPYCAT invokes DISTPCOA to compute eigenvectors from the distance matrices as needed as input for PARAFIT. Several methods for correction of negative eigenvalues are available. Thereafter the user can choose to start the execution of PARAFIT with a specified number of permutations. Alternatively, COPYCAT can generate a zip file containing all necessary files to start the analysis on a remote computer providing more CPU power or memory.
Visualization and evaluation of the PARAFIT results
PARAFIT's output references taxa by assigning them a number in the order of appearance in the input file, thus making it difficult for the user to interpret the results, especially for large data sets. COPYCAT provides an easy way to reassign the original taxon labels and to display the association list together with PARAFIT's significance values accordingly. Significant associations will be highlighted according to a significance threshold which can be adjusted by the user.
A REAL-WORLD EXAMPLE
Analysis of a large smut-fungus data set
To illustrate the power of COPYCAT, we analyzed the host plant index for European smut fungi as presented by Vanky (1994 Vanky ( , 2005 , including host synonyms from Palese and Moser (1997) . Recent years have seen considerable progress in smut fungi taxonomy, and taxonomy of genera and higher ranks is now based on molecular and ultrastructural data (see references in Bauer et al., 2001) . The danger of circular reasoning in cophylogenetic analyses due to artificial taxa defined by host relationships is therefore negligible. However, cophylogenetic analysis of smut fungi has so far been restricted to single smut fungi genera and molecular phylogenies, considering only few species, respectively (Begerow et al., 2004) .
Including synonyms, our data set contained 1947 different fungus-plant associations. Using the NCBI taxonomy release of November 21, 2006, COPYCAT identified 645 associations, representing a total of 140 smut fungi and 437 host plants. For the parasite tree, resolution was 0.19, and for the host tree, 0.23. COPYCAT invoked DISTPCOA to compute eigenvectors (discarding those with negative eigenvalues) as well as PARAFIT using 999 permutations. Running time was 4 days on an AMD Opteron with 2 GHz and 4 GB RAM.
Results
The global test indicates a highly significant cophylogenetic structure (P ¼ 0.001). The COPYCAT results for the individual host-parasite links and a summary based on the smut fungi genera are included in the supplementary material; major taxonomic host groups are indicated. Using a significance threshold of P ¼ 0.05, PARAFIT recovers a total of 86 insignificant and 559 significant associations. Parasite genera are rather uniform with respect to their significance values, which is probably due to the fact that they are mostly restricted to certain host families. A general pattern observed is that associations of parasites of certain monocots (Poales) are insignificant, if these parasites belong to a clade mainly composed of parasites of other host plants, and vice versa. For instance, the associations of the Poales parasites within Microbotryales, Bauerago and Ustilentyloma, appear as insignificant, as well as those of the dicot parasites within Ustilaginales, Melanopsichium and Thecaphora. We conclude that the restriction of smut fungi genera to certain host taxa as well as the partial restriction of smut orders to Poales or non-Poales hosts are responsible for the highly significant overall cophylogenetic pattern observed with these data.
REQUIREMENTS
COPYCAT is a stand-alone Java application using SWT as graphics engine. Versions for Windows, Linux (GTK) and MacOS are freely available, including the needed SWT files and a graphical installer. The application needs a pre-installed Java 1.5 (or newer) runtime environment and at least 512 MB of free RAM.
CONCLUSIONS
Even though a more complete sampling would be necessary to draw final conclusions about the 'deep cophylogeny' of smut fungi, our example demonstrates that COPYCAT greatly simplifies the usage of PARAFIT, including the preparation of input data, the use of taxonomic data, the analysis even of sizeable lists of hosts and associates, and the display of the results. With this easy-to-use approach, the valuable PARAFIT application has now been made available for a much broader audience in the field of cophylogenetic studies.
